
m
F
m
U)

.

J

1

.

- NATIONALADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICAL NOTE

No. 1741

EXPLORATORY ~TUNNEL INVESTIGATION OF THE EFFECTIVENESS

OF AREA SUCTION IN ELIMATING LEAD~G-EDGE SEPARATION

OVER AN NACA 641A212 AIIU?OIL

By Robert J. Nub= and James R. Needham, Jr.

Langley Aeronautical Mdmratory
Langley Field, Va.

Washington

November 1948

__ —

—



TECH LIBRARY KAFB, NM

NATIONAL ADVISORY colmITTEE FOR KERONAUTICb

TECHNICAL NOTE NO. 1741

EXPLORATORY WIMYTUNIUIL IETESTIGATION OF T3E

OF AREA SU(Z’IONIN ELIMINATING IEADIRC+ZQ3 SEPARATION

OVXR AN KACA 641+2 AIRFOIG

By Robert J. Nuber and James R. Needham, Jr.

sTJMMmY

An exploratory investigation was made in the Langley two-dimensional
low–turbulence pressure tunnel on an RACA 641A2L2 airfoil with verio~

extents of permeable Burface area between the leading edge and 12.5 percent _
chord.to dete-e the effectiven.essof area auction iD eliminating
leading+dge aeperation at high lift coefficient=. Lift end internal

pressure meammements were oltained at a Reynolds numler of 1.7 x 106
for a renge of flow coefficients from O to 0.008. Airfoil mrface pressures
were measured,over a rmge of angles of attack from 4.1° to 18.3° with the
upper surface porous to 4-.5percent chord.

The results obtained indicate that not only wae leading-edge
separation prevented, hut also turbulent separation moving forward from the
trailing edge was delsyed. The max3num effectiveness was obtained at
a flow coefficient of 0.0018 with the upper surface porous to 4.5 percent
chord. With more than k.~ percent chord permeable, the meximum section
lift coefficient Cz of the airfoil was not changed appreciably, but

DU3X
the flow coefficient required to obtain ck was considerably increased.

It was also determined that for thfB airfoil at a shiler Reynolti number
the maxtmum section lift coefficient is about the seinea= that for the
airfoil with a leading+~e slat.

INTRODUCTION

The maximum lift coefficients of thin airfoil sections we low as a
result of separation of the laminar boundsry layer nesr the leading edge.
Many types of leading+dge high-lift devices, such aB flaps and slats,
have been imestigated in an attempt to increase these naturally low
maximum lift coefficients. Single auction slots neer the leading edge
aho have been investigated but proved unsatisfactory because of changes
in the position of the laminer separation point with variations in angle —
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o’fattack. Area ~uction through a permeable surface near the leading
edge appemed to offer a method of applying boundery-layer suction to
control laminar separation. An exploratory investigation haa been made
accordingly in the Langley tw~nsional low–turbulence pressure tunnel
to detenmlne the effectivene~s of area suction through a permeable surface
at the leading edge in controlling leading+dge seysration.

●

An NACA 6~1A212 airfoil section was employed in the yresent investi–

gation becaue the results presented in reference 1 show the maximum lift
of this airfoil to be limited by separation of the laminsr boundwy layer
near the leading edge. The effect of variations of the relative extent
of permeable surface srea was investigated. The tests included measure–

,
ments at a Reymolda number of 1.5 x 10b of lift, internal presmre, and
airfo~l
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surface pressures over a range of flow coefficients from O to 0.005.

SYMBOLS

section lift coefficient
()

&
qoc

maximum section lift coefficient

airfoil chord (24 in.)

airfoil lift per umit span

span of porou surface (34.45

free-stream velocity

free-etream mass density

free+tream dynamic pressure

volume of air removed tlrrough

flow coefficient
()

Q
cbQo

free–stream total pressure

total pressure inside wing

in.)

(.)*oTop

porous surface per unit the

duct

()Ho – Hb
internal pressure coefficient

%

section angle of attack, degrees

local static pressure

.

.

.
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s ()S-Pairfoil ~remure coefficied —
%

Sm airfoil peak premure coefficient

R ()TocReynolds number —
v

v kinematic viscosity

x horizontal.distance lehind leading edge

Y vertical distance from chord line

MODEL

The 2&inc&chord cast aluminum mcdel used in this investigation
was constructed to the profile of an ltACA641A212 airfoil. The leading

edge was formed with a continuow sheet of porous bronze efiending
to 12.5 percent chord on both surfaces. Ordinates of the airfoil section
and a sketch of the model ~howing the general arrangement of the leading
edge and ducting system me presented in table I and figure 1, respectively.

The sintered bronze material used aE the permeable surface consisted
of spherical psrticles ranging in size from 200 to .kOOmesh which wera

coalesced into a sheet ~-incht hick under controlled conditions of time,

temperature, and atmosphere. The porosity was such that with air at
approximately standard density the application of a suction of alout
0.12 pounds per Hqusre inch induced an average velocity of 1.0 foot
per second throug3 the surface. Over a range of pressure differences
from O to 2.0 pounds per square inch, the rate of flow through the ~rous
surface veried nesrly lineerly with pressure difference.

Pressure orifices were instslled on the airfoil surfaces froJRthe
leading edge to 12 percent of the chord (fig. 2) and were located
11.25 inches from the midspan in a single chordwise row. The chordwise
positions of the orifices are given in the table of figure 2.

A plain wooden NACA 641A212 airfoil was used for the zerc-fluw
condition.

The model was tested in the Langley twtii.mensional low-turbulence
pressure tunnel and completely spsnned the 36-incMide :est section.
The quantity of air removed from the boundary layer was determined by
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maw of an orifice plate located in the suction duct
by vsrying the orifice diameter and the blower speed.

XACA TNNo. 1741

and wae regulated
.

A total–pressure tube in the wing duct on the end opyosite that at
which the air wa~ removed wae used to determine the 10BS in preemu’e .
incurred in sucking the boundary-layer air through the permeable murface.
The velocitie~ in the duct were eo low that the static and total pressureH
were substantially equal. The airfoil pressure distribution was obtained
from preseure orifices up to the 12–percent+hord station and over the
remainder of the airfoil from a static–pre#sme tube, which, at each
station, was bent approximately to the airfoil

approximately ~ inch from the surface.
8

Airfoil lift and duct total pressure were
of angles of attack at flow coefficients UP _L_o

ext~nts of permealle surface area. The amount
by applying strips of tape 0.(X)3-inchthick to

spanwise direction allowing a ~-inch clesrance

pressure orifices.

contour and wa# mounted

measured through a range
0.008 for various relative
of suction srea was vsried
the yorous surface in a

on either side of the

The lift coefficients were measured and corrected to free-air
conditions by the methods described in reference 2. All tests were

at a Reynolds number of 1.5 x 106 and a Mach number of O.11. Small
irregularities existed in the profile of the model nesr the leading
but they appeared to have no appreciable effect on the aerodynamic
characteristics.

RESULTS AND DISCUSSION

made

edge
*

Lift

The lift and internal-pressurecharacteristics obtained from tests

.

of the model for several flow coefficient sre presented_in the figures
listed in the following table which designate~ the nose configuration
corresponding to verious relative extents of permeable surface srea:
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Figure
number

s(a)

3(3)

3(c)

3(d)

3(e)

s(f)

Xot3e
config-
urateion

A

B

c

D

E

F

Permeable mrfacef3
from L.E. (~ercent chord)

U~per
surface

12.5

12.5

12.5

6.6

4.5

4.1

Lower
surface

12.5

2.75

0

0

0

0

The effect of erea suction on the mriation of meximum eectior lift
coefficient with flow coefficient for the nose confi~ations investi—
gated is summerized in figure 4.

It is seen in figures 3 and 4 that, in general, the maxLnum section
lift coefficient increased with increasing flow coefficient. These

1. increases in maximum section lift coefficient with flow coefficient were
accompanied by small increases in the angle of attack for maxhnzm lift.
With nose configuration A, the maximum section lift coefficient of the
airfoil was increased from a ~alue of 1.2T with no flow to a value of 1.6
for a flow coefficient of 0.008. This represents en increase in maximum
lift of about 25 percent above the no-flow condition which was detemmhed
from tests of a plain wooden EACA 641A212 airfoil. For the airfoil

equipped with a leading-edge slat (reference 1), the maximum section lift
coefficient, obtained at a similar Reynolds number, was approximately the
seam as the highest

c~ obtained ~
n the present investigation, but the

angle of attack for
C%ax

was considerably lower for the model with

leading-edge srea suction.

As the permeable erea on the lower surface was covered with strips
of”tape (fig. 4, configurations B and C) the values of the highest
maximum section lift coefficient obtained were approximately the sam
as for configuration A, but the flow coefficie~t required to obtain
this C. was reduced.about 42 percent and 47 percent, respectively.

Stiilsrly, application of tape to the upler surface of the airfoil nose
(configuration D and E) showed only a slight change in the highest

C%sx
from the value of 1.6 oltained for configuration A, but reductions in
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the flow coefficient of alout 73 percent emd 77 percent, respectively,
were obtained as compered with configuration A. The reduction in the
relative extents of permeable surface mea (configuratiormA to E),
therefore, resulted in pro~essive reductions in the flow coefficient
required for the highest meximum lift. Aa the permealle erea on the
u~per surface was covered to 4.1 percent chord (configurationF), no
appreciable chenges in the flow coefficient (fig. 4) are noticed ae
compered with configurationE; however, the rmcimum section lift
coefficient vae reduced to a mlue of alout 1.55. In view o~this remit,
further covering of the permealle mrfaces waa discontinued and configu-
ration E was considered to le the optimum.

Airfoil ItressureDistributions

Imading+dge separation waa eliminated as soon as suction was applied.
When the mexinmm seotion lift coefficient was obtained it was brought
a}out 3Y turlmlent separation moving forwerd from the trailing edge.
This result is shown in figure 5 which presents the airfoil surface
preseures as a function of chordwise position (configurationE) for several
flow coefficients over a renge of angles of atxack from 4.1° to 18.3°. As
the angle of attack Is increased from 4.1° to 12.2°, the airfoil is
unstslled over the range of flow coefficients investigated. The peek
preswree near the leading edge, as expected, increase rapi~’with engle
of attack end also”increase with flow coefficient. In en attempt to explain
the increase in peek pressure coefficient with increasing flow coefficient
for the angle-of~ttack renge from 4° to 12°, the corresponding experi-

9 F

mental increments in lif% coefficient (fig. 3(e)) were expressed In terms
of increased circulation, and with the aid of the lmown transformation
function for the airfoil the resultant incre~e in Teak pressure coef-

.

ficient was calculated. It was found, however, that the measured increases
in peak -pressurecoefficient were larger than the calculated values. The
reason for these discrepancies is not definitely known, lut they may
possibly he attributed to an effectl~e locel increase in curvature of the
airfoil neer the leaUng edge caused ly the flow into the porous surface.
Increasing the eagle of attack to 14.2° results in further increases in the
peak pressures neer the leading edge, accompanied by turbulent eeperation
from the trailing edge which progresses forwerd.along the upper mmface of
the airfoil with additional increase~ in mgle of attack. Despite the
existence of turlmlent separation, the flow over the nose of the airfoil
remained unseparated beyond the angle of attack for meximum lift
(fig. 5(g)) even for the lowest flow coefficient investigated (CQ. O.OOO~),

This result corroborates the theoretical work done by the British concerning
leadlng-edge porous suction which indicates that very smell amounts of
suction ere required to prevent leading%ige separation.

The extent of the seperated region for-a constant angle of attack
(fig. 5) is shown to decreaBe“progressivelywith increasing flow coeffi-
cient in spite of the increa8es in the peek negative pressuree in the
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region of the leading edge. Thi~ result is due to the ~ery favorable
effect of leading+dge auction on the conditions of the turbulent boundeq
layer.

The variation of airfoil peak pressure coefficient % and internal

pressure coefficient Cp with @e of attack for configuration E is

presented in figure 6. AS shown in figure 6, for flow coefficients
of 0.00Q~ and 0.0010 the curves of % end Cp cross at @efl of

attack of 10.3° and 15.1°, respectively. Beyond theee angles of attack,
s= is ~eater than Cp; this result j.ndicateathat the pressure difference

is in the direction to cause a local region of outflow. Des2ite the
existence of outflow at these flow coefficients, laminer separation was
prevented. An increase in the flow coefficient tb 0.0018, where a ‘large
positive pressure difference is maintained, increased the maximum section
lift coefficient (fig. 3(e)) to a value of 1.6. The fact that the highest
maximum section lift coefficient was obtained with a flow coefficient
of 0.0318 is attributable, therefore, to the favorable effects of
increased flow coefficient on the conditions contributing to the development
of the turbulent boundary layer. ‘

In view of the increase in c2_ obtained with boundery-layer

control in conjunction with a leading+dge slat (reference 1), further
increaees in c

?nax’
above that obtained in the present investigation,

will result from also controlling the turhilent boundary leyer. Different
distributions of suction aver the leading-edge, particularly for thinner
airfoihj should also be inve=tlgated by mea of surfaces of different
degreeg of porosity in order to detemche the configuration which will
require the smallest amount of flow for optimum c

L“

COI?CLUD1212REMARKS

Results of an exploratory wind-tunnel investigation of area suction
in eliminating leading+dge separation aver an EACA 6klA212 airfoil have

been presented. It wae found that not only was leading+dge separation
prevented, but elso turbulent separation moving forwsrd f~ornthe trailing
edge was deleyed.. The mximma effectiveness was obtained at a flow coef–
ficient of 0.0018 with the upper surface porous to 4.5 percent chord.
With mare than 4.5 percent chord yermeable, the msxti~ section lift
coefficient c1 of the airfoil was not changed appreciably, but the

flow coefficient required to obtain cl was considerably increemed.

It was also detetined that for this airfoil at a aimiler Reynolds
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number the mextium section lift coefficient 18 about the same as that
for the airfoil with a lead~dge slat.

Langley Aeronautical Laboratov
National Adviso~ Committee for Aeronautics

Langley Field, Vs., August 18, 1948

1. Quinn, JohnH., Jr.: Tests of the NACA 641A.212Airfoil Section with

a Slat, a Double Slotted FlaT and,BoundaryAayer Control by Suctfon.
NACATN NO. 1293, 1947.

2. Ton Doenhoff, Allert E.j and Allott, Frank T., Jr.: The Langley Two-
Dimensional @Turbulence Pressure Tunnel. ILACATN NO. 1283, 1947.
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TABLE I

NACA 6k1A~2 AIRFOIL SECTION

[Stations and ordinates in percent atifoil chord]

Upper .17+...

Station

o
.409
.648

1.135
2.363
k.84g
7.343
9.&2

14.849
19.862
24.880
29.Wo
+L.922
39.946
44.970
49.993
55.015
60.034
65.050
70.064
75.075
8Q.090
85.08$
90.062
95.032

100.000

Ordinate

o
1.013
1.233.

1.580
2.225
3.145
3.&6
4.432
5.358
6.06Q
6.584
6.956
7.189
7.272
7.177
6.935
6.570
6.103
5.544
4.903
4.197
3.433
2.631
1.751

.888

.025

L.E. radius: 0.994

I

Lower surface

Station

o
.591
.852

1.365
2.635
5.151
7.657

10. lx
15.151
20.138
25. I_m
30.100
35.078
40.054
45.030
~. 007
54.985
59*966
64.950
69.936
74.925
79.910
8k.912
89.938
94.968,
99.995

Ordinate

o
–. 901

–1 .075
–1. 338
–1.833
–2.423
–2.874
–3 .240
–3 .796
4.200
-4.482
-4.660
-4.741
-4.714
-4.549
-4.275
–3. 918
–3 .499
–3.034
–2.537
–2.037
–1.563
–1 .159
–. 771
–. 398
–. 025

Slope of radius tkough L.E.: 0.095
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Figure 1.- Sketchof NACA M1A212 airfoil showing construction of leading edge and ducting system.
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Figure 2.- Locationofpressure orificeson NACA &11AZ12 airfo~withpermeable nose.
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(a) Configuration A.

Fig-we 3.- Lift characteristics of an NACA 641A21Z airfoilwithpermeable nose. R ~ 1.5 x 106.
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